The synthesis of (±)-and (-)-galanthamine via 3,4-dihydro-6,7-dimethoxy-4'-oxo-spiro[5H]-2-benzazepine-5,1'-[2]cyclohexene]-2(1H)-carboxylic acid ethyl ester (2) is described.
Introduction
In the course of our numerous investigations into the industrial synthesis of galanthamine, 1 we also considered using the known 2 3,4-dihydro-6,7-dimethoxy-4'-oxo-spiro[5H]-2-benzazepine-5,1'- [2] cyclohexene]-2(1H)-carboxylic acid ethyl ester (2) as the key intermediate.
Results and Discussion
Compound 2 was brominated using either dibromo Meldrum's acid (method A) or benzyl trimethyl ammonium tribromide (method B) to produce a mixture of mono-and dibrominated spiro compounds 3a and 3b. The conditions described in method B are those that gave the highest yield of pure 3a after optimized efforts. The mono-and dibrominated species were separated by column chromatography and converted to dienones 4. As an alternative, hydrogen bromide was eliminated from the crude mixture of 3a and 3b, and 4a was isolated by chromatography. Various reagent systems (boron tribromide, boron tribromide / ethyl sulfide, aluminum chloride / pyridine, and aluminum chloride / ethyl sulfide) were tested for the Odemethylation of 4a to initiate the intramolecular Michael addition and the formation of the skeleton of the narwedine type enone 5a. Under these reaction conditions, the principal products were identified as apogalanthamine derivatives 10a or 10b (see Scheme 3) . 5a was obtained in 5% yield using AlCl 3 / Et 2 S in methylene chloride. and converted to (±)-galanthamine ((±)-1) by concentrated to give the crude mixture of products, which were separated by flash chromatography using the same eluents as described in method A to yield the monobromo product 3a (228 mg, 53%) and dibrominated species 3b (20 mg, 24% . To a suspension of ketone 6 (15.0 g, 39.7 mmol) in dry THF (400 mL) L-Selectride ® (120 mL, 1 N in THF) was added at -20 °C. The mixture was stirred for 2 h at this temperature, then water (100 mL) was added dropwise. After stirring for 10 min. the mixture was concentrated, and the residue was dissolved in EtOAc (300 mL). The organic layer was washed with a saturated aqueous NaHCO 3 solution (1 x 300 mL), the aqueous layer was extracted with EtOAc (2 x 100 mL). The combined organic layers were washed with a saturated aqueous NaHCO 3 solution (2 x 300 mL), water (1 x 100 mL), brine (1 x 300 mL), dried (Na 2 SO 4 ), filtered and concentrated. Flash chromatography (500 g SiO 2 , CH 2 Cl 2 : MeOH : aqueous ammonia = 96 : 3.5 : 0.5) gave compound 7a as a colorless solid (8.51 g, 61%). 9 mmol) were added, and the mixture was refluxed for 3 h, filtered and concentrated. The residue was dissolved in CHCl 3 (100 mL) and washed with water (1 x 100 mL). The aqueous layer was extracted with CHCl 3 (2 x 100 mL), the combined organic layers were washed water (3 x 100 mL), brine (2 x 100 mL), dried (Na 2 SO 4 ), filtered and concentrated. The cristalline residue was washed with diisopropyl ether (50 mL) to give the debrominated compound 7b (4.45 g, 82%). (5 mL) was treated with ethyl chloroformate (121 mg, 1.12 mmol) in CH 2 Cl 2 (1 mL) at 0 °C. The reaction mixture was stirred at this temperature for 1 h, then 2 N HCl (10 mL) was added. The aqueous layer was extracted with CH 2 Cl 2 (3 x 3 mL), the combined organic layers were washed with 2 N HCl (2 x 5 mL), water (1 x 10 mL), a saturated aqueous NaHCO 3 solution (2 x 10 mL), water (1 x 100 mL), brine (1 x 10 mL), dried (Na 2 SO 4 ), filtered and concentrated to give carbamate 7c as a colorless foam (349 mg, 92%). Method B. To a suspension of carbamate 5b (100 mg, 0.29 mmol) in dry THF (4 mL) LSelectride ® (1.46 mL, 1 N in THF, 1.46 mmol) was added at -20 °C. The mixture was stirred for 2 h at this temperature, then water (2 mL) was added dropwise. After stirring for 10 min. the mixture was concentrated, and the residue was dissolved in EtOAc (10 mL). The organic layer was washed with a saturated aqueous NaHCO 3 solution (1 x 10 mL), the aqueous layer was extracted with EtOAc (2 x 5 mL). The combined organic layers were washed with a saturated aqueous NaHCO 3 solution (2 x 10 mL), water (1 x 10 mL), brine (1 x 10 mL), dried ( 1 mmol), p-toluene sulfonic acid (150 mg) and 1,2-propanediol (10 mL) mixture were refluxed with stirring in toluene (70 mL) for 10 hours using a Dean-Stark type apparatus. A dropping funnel was charged with a solution of p-toluene sulfonic acid (350 mg) in 1,2-propanediol (5 mL). After the first hour of refluxing and then every 15 min. for the remaining 5 h, 250 µL of this solution were added to the refluxing mixture. The reaction mixture was cooled to 20°C, and the lower phase was separated and extracted with toluene (4 x 10 mL). The combined toluene phases were concentrated to a volume of 70 mL. This solution then was cooled to 20°C and washed successively with 10% acetic acid (20 mL), saturated sodium hydrogen carbonate solution (2 x 20 mL), water (2 x 20 mL), brine (20 mL), dried (Na 2 SO4 ) , filtered and evaporated to dryness to yield the product 8 (9.56 g, 82%) as a dry foam, which was directly used in the next step. To a solution of oxalyl chloride (110 mg, 0.87 mmol) in dry CH 2 Cl 2 (3 mL), DMSO (68 mg, 0.87 mmol) in dry CH 2 Cl 2 (1 mL) was added at -78 °C and stirred for 1 h at this temperature. Carbamate 7c (150 mg, 0.34 mmol) in dry CH 2 Cl 2 (2 mL) was added and stirred at -60 °C for 5 h. After addition of triethylamine (200 mg, 1.98 mmol) the mixture was stirred for 1 h at -60 °C and 1 h at room temperature. The reaction mixture was washed with 2 N HCl, the aqueous layer was extracted with CH 2 Cl 2 (2 x 4 mL), the combined organic layers were washed with 2 N HCl (2 x 10 mL), a saturated aqueous NaHCO 3 solution (2 x 10 mL), water (1 x 10 mL), brine (1 x 10 mL), dried (Na 2 SO 4 ), filtered and concentrated to give keton 5b as a colorless solid (143 mg, 96%).
(±)-Galanthamine ((±)-1). To a suspension of LiAlH 4 (55 mg, 1.44 mmol) in dry THF (1 mL) carbamate 7c (100 mg, 0.29 mmol) in dry THF (0.5 mL) was added dropwise. After stirring at reflux temperature for 12 h a saturated aqueous NaHCO 3 solution (3 mL) was added, and the mixture was concentrated. The residue was dissolved in CHCl 3 (5 mL) and washed with a saturated aqueous NaHCO 3 solution (3 x 3 mL). The aqueous layer was extracted with CHCl 3 (4 x 3 mL). The combined organic layers were washed with a saturated aqueous NaHCO 3 solution (2 x 5 mL), water (1 x 5 mL), brine (1 x 10 mL), dried (Na 2 SO 4 ), filtered and concentrated. Flash chromatography (10 g SiO 2 , CHCl 3 : MeOH : aqueous ammonia = 97 : 2.5 : 0.5) gave compound 1 as a colorless solid (75 mg, 90%), which was identical to galanthamine (HPLC, NMR). Galanthamine ((-)-1) . To a suspension of (-)-Narwedine ((-)-9) (1.0g, 3.50 mmol) in dry THF (10 mL) L-Selectride ® (5.3 mL, 1 N in THF) was added at -20 °C. The mixture was stirred for 2 h at this temperature, then water (100 mL) was added dropwise. After stirring for 10 min. the mixture was concentrated, and the residue was dissolved in EtOAc (20 mL). The organic layer was washed with a saturated aqueous NaHCO 3 solution (1 x 30 mL), the aqueous layer was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with a saturated aqueous NaHCO 3 solution (2 x 30 mL), water (1 x 10 mL), brine (1 x 30 mL), dried (Na 2 SO 4 ), filtered and concentrated. 
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